Prokaryotic multicellularity: a nanopore array for bacterial cell communication.
The transition from unicellular to multicellular life, which occurred several times during evolution, requires tight interaction and communication of neighboring cells. The multicellular cyanobacterium Nostoc punctiforme ATCC 29133 forms filaments of hundreds of interacting cells exchanging metabolites and signal molecules and is able to differentiate specialized cells in response to environmental stimuli. Mutation of cell wall amidase AmiC2 leads to a severe phenotype with formation of aberrant septa in the distorted filaments, which completely lack cell communication and potential for cell differentiation. Here we demonstrate the function of the amidase AmiC2 in formation of cell-joining structures. The AmiC2 protein localizes to the young septum between cells and shows bona fide amidase activity in vivo and in vitro. Vancomycin staining identified the overall septum morphology in living cells. By electron microscopy of isolated peptidoglycan sacculi, the submicroscopic structure of the cell junctions could be visualized, revealing a novel function for a cell wall amidase: AmiC2 drills holes into the cross-walls, forming an array of ~155 nanopores with a diameter of ~20 nm each. These nanopores seem to constitute a framework for cell-joining proteins, penetrating the cell wall. The entire array of junctional nanopores appears as a novel bacterial organelle, establishing multicellularity in a filamentous prokaryote.